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Abstract 
This study is considering the impact of nanoparticles deposition on the heat pipe (HP) wick porosity after several use of nanofluid 
as a working medium. Water based nanofluids with 1, 2 and 3 vol% alumina nanoparticles are prepared and characterized. These 
nanofluids are charged to a complete vacuumed copper heat pipe made out of copper tube and lined by a porous wick.  The heat 
pipe is equipped with a vacuum pressure and temperature sensors for assessing its performance under different operating 
conditions. At the beginning, the heat pipe performance showed a significant enhancement for using the nanofluids over the pure 
water. This enhancement is later depreciated after several used and raised the concern of the stability of the nanoparticles 
suspension stability in the base fluid due to the phase change of the water. Scan electron microscope (SEM) images are taken for 
the heat pipe wick after repetitive use; the images revealed a deposited layer of aggregated nanoparticles on the wick mesh surface. 
These particles aggregations developed a serious capillary and thermal resistance which in turn impacts the heat pipe performance. 
A particles propellant wick design must be considered when nanofluid is implemented in heat pipe.      
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Introduction 
Heat pipe (HP) have shown to dissipate a reasonable amounts of heat with minor drop in temperature due to working 
medium phase change behavior. Therefore, working medium transport and phase change properties are significantly 
impact it performance and limitation [1]. The usual enhancement techniques for heat transfer are unable to devise the 
increasing demand of heat removal in high energy compact devices as well as the traditional fluids have poor heat 
transfer properties compared to the conductive solid [2]. Recently, several researchers have innovatively sought to 
enhance the liquid thermal conductivity using highly conductive solid nanoparticles dispersed in base fluid called 
nanofluids [3, 4]. Nanofluids possess remarkably higher thermal conductivity and greater heat transfer properties 
compared with conventional pure fluids [2]. Nanofluids are found to exhibit a noticeable changes in their thermo-
physical rheology properties such as specific heat, thermal conductivity, density and viscosity due to the nanoparticle 
types and concentrations [4]. Several researchers have experimentally attempted to use nanofluids as a working 
medium in heat pipe using nanoparticles such as silver, CuO, diamond, titanium, nickel oxide as well as gold [1, 2, 5-
7]. Other studies applied nanofluids in heat pipes have focused on factors that affects its use such as heat pipe size and 
type, its operating conditions, material of the nanoparticles as well as the base fluid types [2, 8]. The alumina (Al2O3), 
silver (Ag) and copper oxide (CuO) are among the common and cheaper nanoparticles experimentally utilized and this 
is well reported by a number of researchers [4, 6, 8-15]. Minkowycz et al. [16] proposed the unique strategy of 
nanofluids, understood that the thermal conductivity of based fluids could increase after addition of solid particles of 
diameters less than 100nm. Shafahi et al. [1] studied the thermal performance of cylindrical heat pipe utilizing 
nanofluids that constituted common nanoparticles and were able to establish the existence of optimum mass 
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concentration for nanoparticles in maximizing the heat transfer limit. While Tsai et al. [19] investigated the heat pipe 
thermal resistance with both deionized (DI) water and Gold (Au) nanofluids and obtained decreases in thermal 
resistance of heat pipe that is filled with the nanofluid. Zhou [20] studied the groove evaporator section of a heat pipe 
that incorporated Copper (Cu) nanofluids and found that the maximum resistance was decreased by 50 and 80% for 
particle size of 10 and 35 nm, respectively. Asirvatham et al. [8] investigated the heat transfer performance of heat pipe 
that incorporated Silver (Ag) in water-based nanofluid and reported 76.2% reduction in thermal resistance with 
enhancement in heat transfer coefficient given very minute quantities of the nanofluid. Hung et al. [11] investigated the 
thermal performance enhancement of heat pipe that incorporated alumina. Noei et al. [15] studied the enhancement of 
heat recovery in heat pipe that incorporated aqueous Al2O3 nanofluid and understood that for different input powers, 
the efficiency of the two-phase close thermosyphon could increase up to 14.7% when the Al2O3/water nanofluid was 
used instead of pure water. Parametthanuwat et al. [21] studied the effect of silver nanofluid of less than 10 nm on 
thermal characteristics of two-phase close thermosyphon during operation and reported no effect in filling ratio of heat 
transfer properties vertically although the operation of working fluid could affect the heat transfer rate. As shown 
above, even though the heat pipe incorporating nanofluid in size challenging devices have been of interest to many 
researchers, papers on the application of nanofluid to enhance heat pipe thermal and cooling performance are still 
limited. Among others, there are challenging questions regarding the heat transfer endeavors are still unconvincingly, 
such as: Would nanoparticles after repetitive experiments continue to disperse and suspend well in a given liquid 
medium? How would particles interact on a given solid surface? What may likely bring about the accumulation as well 
as blockage of heat pipe? To our knowledge, there is paucity of relevant literature that explains the transient changes 
occurring between heat pipe and nanofluid as well as physical concepts underscoring variations of heat pipe 
performance. For the reason that previous published reports about heat pipe performance working with nanofluid 
remain unconvincing, further experimental studies are required especially into heat pipe cooling performance, 
incorporating nanofluids and at different concentrations and data generated from such study will help supplement 
existing information. 
Experimental Setup 
Nanofluids of 1, 2 and 3 vol% of alumina nanoparticles of 40-50 nm diameters are prepared as explained by [10]. The 
nanoparticles is dispersed in DI water of 18 MΩ/cm of resistivity as a base fluid. Then, the suspensions were sonicated 
using ultrasonic bath sonicator for six hours under a temperature control of 25 ± 5 ͼC.  
The particle size distribution and zeta potential of the suspensions was characterized by an acoustic and electro-
acoustic spectrometer from Dispersion Technology, DT-1201, for characterization details see [10]. The weight or 
volume basis particle size distribution of Al2O3 nanofluids showed a binomial distribution having the first and major 
peak 65 nm which is in a good agreement with the manufacturer’s report as shown in Figure 1, keeping in mind there 
some differences due to the suspension environment versus the dry measurements. The presence of a small binomial 
peak shows that there are still some aggregates which are not in their basic particle size though they are very few in 
population to affect the thermophysical properties of the suspension. This infers that the nanoparticles are dominating 
the suspensions alone with few aggregates. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Particle size distribution (PSD) of fresh alumina nanofluid respective of 1 and 3 %vol concentration 
50-70 
nm 
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The nanofluids boiling measurements at room conditions is performed in order to understand the boiling performance 
of the nanofluid at different particles concentrations. A stirring plate with rotating magnet stick is used to heat up the 
nanofluid to the boiling point. K-type thermocouple is suspended in the middle of the nanofluid and connected to a 
high frequency data acquisition to acquire the temperature. Uncertainty of 1.1 °C from the combined measuring 
system is recorded. Figure 2 shows the temporal temperature measurements for the base fluid and two nanofluids with 
different nanoparticles volume concentrations. It can be seen from this figure that the heating curve slope, dT/dt, is 
increased by increasing the nanoparticles concentration in the base fluid. However, the variation of the boiling 
temperature for the three fluids are within the uncertainty of the combined measuring system. Figure 3 shows the 
specific heat of base fluid and nanofluid, ሺܥ݌ሻ௡௙ ,versus temperature plots according to equation 1 [24], where , ] is 
the particle volume concentration and the density, ሺߩሻ௡௙ , of the mixture is calculated from equation 3 [22]. As it can 
be seen from these plots, nanofluids specific heat is decreased by increasing the temperature in opposite behaviors to 
the base fluid.  Applying equation 2 on Fig. 2, at constant heating rate, ሶܳ  , of a constant mass of fluid, increasing the 
dT/dt will decrease the specific heat, Cp. Therefore, there is a trend agreement between the boiling test plots in Fig. 2 
and the specific heat plots in Fig. 3.  
 
 
 
 
 
 
 
 
Figure 2: Boiling point temporal temperatures for base fluid and nanofluids    Figure 3: Base- and nano-fluids specific heat versus temperature 
ሺܥ݌ሻ௡௙ ൌ
ሺଵି]ሻሺఘ஼௣ሻ೑ା]ሺఘ஼௣ሻ೙೑
ሺଵି]ሻሺఘሻ೑ା]ሺఘሻ೛
                                                                                    (1) 
ሶܳ ൌ ݉ܥ݌ ௗ்ௗ௧                                                                                                                (2) 
ሺߩሻ௡௙ ൌ ሺͳ െ ]ሻሺߩሻ௙ ൅ ]ሺߩሻ௣                                                                                  (3) 
The heat pipe experimental apparatus is designed and built to accommodate the frequently required charging and 
discharging of the heat pipe fluid as shown in Fig. 5. The heat pipe is manufactured from brass with internal diameter 
of 10-mm and total length of 200-mm. Figure 4 shows the heat pipe longitudinal cross-section schematic, the 
evaporator section length is 50-mm and the condenser section length is 50-mm. The tube is lined by 1-mm thick brass 
mesh with about 90% porosity. The evaporator section is surrounded by power adjustable DC electric heater that 
provide consistent heat source to the evaporator. The condenser is surrounded by cooling water jacket with inlet and 
outlet K-type thermocouple for temperature reading. The heat pipe is equipped by two vacuum pressure sensors and 
two K-type thermocouples. The vacuum pressure sensors are located as one is right above the evaporator and the other 
is right above the condenser. The thermocouples are located 1-mm off the pipe inside wall and 100 mm from each 
other. The apparatus is equipped by vacuum pump, display panel for temperature, voltage, current and vacuum 
pressure readings. The heat pipe is connected to the apparatus panel by a sort of tubing and needle valves for fluid 
charging and discharging process, also, sensors output is wired to the display panel and data acquisition for recording 
pressure and temperature readings. As shown in Fig. 5 the needle valves are located right above the condenser and 
below the evaporator to confirm the vacuum sealing in the pipe as well as the controlled quantity of fluid inside the 
pipe. 
 
 
 
Figure 4: Heat pipe sections dimensions 
1 2 
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Figure 5: Heat pipe experimental apparatus schematic 
Results 
Figure 6 shows the adiabatic section upper temperature versus the evaporator temperature. Initially, as shown in Fig. 
6a, the adiabatic section upper temperature, T1, increased as the evaporator temperature, T2, increases for all working 
medium fluids. Nanofluids showed an enhancement in the heat pipe performance as it lowers the T1 and therefore 
increases the temperature difference across the adiabatic section; which in turn increases the heat transfer across the 
heat pipe. These results confirm what has been reported by [10]. This enhancement increases as the nanoparticles 
concentration is increased. After several use of the nanofluids in one month time span, the heat pipe performance 
proved to be inconsistent as shown in Fig. 6b. It can also be seen from this figure that T1 values are higher at the 
corresponding T2 compared to Fig. 6a. Similar inconsistence has been reported by [10] and [13], however no clear 
explanation has been revealed. 
 
 
 
 
 
 
 
 
 
 
Figure 6: Adiabatic section upper temperature (T1) versus evaporator temperature (T2), (a) initial, (b) after one month 
Figure 7 shows the corresponding pressure in the heat pipe. The fresh nanofluids showed a higher evaporation rate as 
that caused a noticeable pressure increase shown in Fig. 7a compared to the long term used nanofluid pressure as 
shown in Fig. 7b.  
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Adiabatic section upper pressure (P1) versus evaporator temperature (T2), (a) initial, (b) after one month 
T1 
T2 
(a) (b) 
(a) (b) 
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Since water will evaporate in the evaporator and flow to the condenser leaving higher nanoparticles concentration 
behind, the intermolecular forces between the particles will increase and it force them to agglomerate developing 
bigger particles. The return condensate will not be able to homogeneously remix with the evaporator nanofluids as it 
has been sonicated while it was fresh.  
In order to understand the main cause of the heat pipe performance inconsistency, that exceeds the experimental 
uncertainty, a scan electron microscope (sem) images have been taken to the heat pipe wick mesh after visually seeing 
some particles that have been deposited on its surface. The ANOVA sem images shown in Figs. 8 and 9 for the wick 
and a close up on the particles, respectively.  
 
 
 
 
 
 
 
 
 
Figure 8: ANOVA SEM images for the wick (a) 3%vol nanofluid fresh and (b) after one month. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: ANOVA SEM images for dried (a) 3%vol nanofluid fresh and (b) after one month. 
The SEM images in Figs. 8 and 9 reveals a significant changes in the nanoparticles sizes after repetitive use in the heat 
pipe. These results are clear evidence of what has been seen in the heat pipe performance inconsistency in the current 
study as well as the previous observation in [10] and [13]. A nanoparticles fouling removal technique or new wick 
coating material is needed to get the expected benefits of using the heat transfer enhancements of the nanofluid in heat 
pipe.  
Conclusion 
The effect of water-based nanofluids using different aluminum oxide nanoparticle concentrations, 1-3 vol%, on heat 
pipe performance after several use was investigated. Incorporated nanofluids were prepared and characterized in our 
nanofluids lab, stability analysis, as well as microscopy of nanoparticles were evaluated before and after use in the 
heat pipe. The heat pipe performance is measured repeatedly by measuring the temperature and pressure differed along 
the heat pipe while heat load is applied to the evaporator using DC electric heater. A significant performance 
enhancement was observed, up to 50%, and then followed by performance inconsistencies after repetitive experiments. 
The SEM imaging analysis investigated the nanoparticles, wick and surface of porous media of heat pipe revealed 
increased nanoparticle sizes, deposits on the wick as well as particle agglomerations, which accounts for now 
developing blockage and performance inconsistencies of heat pipe.  
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